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mm, and mean temperatures vary from 17.4 °C (winter) to 22.7 °C (summer) (Mello et al. 1994 ). The reserve is covered mainly by semideciduous mesophytic forest (85%) and also by a swamp forest (15%) (Leitão-Filho 1995) .
The plant species Coffea arabica L. grows wild as a shrub or small tree in the deeply shaded forest understory (Coste 1992) , but it also grows well in moderately shaded environments (Shimber et al. 2002) . Presently, is one of the most common shrub species inhabiting understories of SGMR (Grombone-Guaratini 1999, Martins & Rodrigues 2005) , where it was introduced in the second half of the 19 th century (from 1852 to 1880) by coffee farmers who used the forest as a natural greenhouse to maintain the plantlets under shade before the plantation, so as to simulate their natural environment (forest understory) (Bernacci & Leitão-Filho 1996 , Serrão 2002 . Since then, this plant species has grown naturally in the reserve and the success in establishment probably took place because of frugivorous birds that have dispersed their seeds throughout the forest (Grombone-Guaratini 1999).
General experimental design
To verify whether leaf domatia mediate mutualism between mites and commercial Coffea plants, we randomly selected and numbered 40 saplings growing naturally in the SGMR, along a narrow track that cross the reserve. A half of these plants had all the domatia of every leaf closed off using droplets of sticky Tanglefoot  resin (Grand Rapids, MI, USA) applied with a syringe needle (experimental). The reminder were used as controls, receiving the same amount of resin in the form of droplets placed to the side of each domatium (0.5-2.0 cm apart) to control for the influence of the resin on mite community. This procedure was successfully used in other studies (e.g. Romero & Benson 2004) . The control and experimental plants were interspersed to achieve a systematic design (see Hurlbert 1984) , and a distance of ca. 5-30 m separated the saplings. The new leaves produced after the beginning of the experiment received resin according to each treatment. The resin caused no damage to the coffee leaves. No mites were found stuck in the resin during the experiment. The experiment duration (4-7 months) was enough for mites to colonize the leaves that had their domatia blocked (Romero & Benson 2004) .
In the beginning of the experiment (September 2-3, 2004) we randomly chose five new, expanded leaves from every sapling; they were individualized by attaching a thin, differently colored wire to each petiole. In December 16, 2004, three additional new, expanded leaves were chosen and individualized as above. These saplings were 0.5-1.5 m tall, each bearing 7-49 and 9-69 leaves during the first and second dates, respectively. The leaves selected for the experiment were used to obtain both mite abundance and leaf damage measurements.
Introduction
Leaf domatia or acarodomatia are tiny structures present in the vein axils on the underside of leaves of many Angiospermae species. Their most common shapes are pit (i.e., invaginations of leaf surface that reach the mesophyll), pocket (cavities beneath expanded veins), dense hair-tufts, or an association between hair-tufts and pits or pockets (O'Dowd & Willson 1989 , Nishida et al. 2005 . The main inhabitants of leaf domatia are mites, especially predators of the families Phytoseiidae and Stigmaeidae; fungivores of the groups Tarsonemidae, Winterschmidtiidae and Oribatida are also typically common (revised in Romero & Benson 2005) . Whereas up to 52% of the plant species from some temperate forests bear leaf domatia, presence of such structures is rare elsewhere, particularly in tropical forests (revised in Romero & Benson 2005) .
Leaf domatia have no apparent physiological function (Nakamura et al. 2002) . However, they can mediate mutualistic interactions between plants and mites, as fungivores and predators (Walter 1996 , Romero & Benson 2005 . In this relationship, the mites are benefited by finding shelter against their natural enemies inside domatia (Faraji et al. 2000a , b, Roda et al. 2000 , Norton et al. 2001 ). For example, Norton et al. (2001) have found that leaf domatia of Vitis riparia Michx. protected the mycophage Orthotydeus lambi (Baker) and the predator Amblyseius andersoni (Chant) against the predatory bug Orius insidiosus (Say) and coccinellid beetles. Although studies have suggested that domatia may also decrease mite desiccation (e.g., O'Dowd & Willson 1989) , to date no study has empirically corroborated this assumption (Grostal & O'Dowd 1994 , Romero & Benson 2005 . In return, the beneficial mites can decrease plant damages caused by pathogenic fungi (Norton et al. 2000) or phytophagous mites (Agrawal et al. 2000 , Romero & Benson 2004 . As an alternative hypothesis, Romero & Benson (2004) suggested that leaf domatia could buffer predator-prey oscillations by providing refuge for prey (typically phytophages); phytophages protected in domatia may disperse onto the leaf surface in a continuous flux providing a reliable food source for predators, thus minimizing local extinction.
The commercial coffee plant, Coffea arabica L. (Rubiaceae), is originated from Ethiopia but cultivated worldwide. Leaves of this crop species bear pit-like domatia (see Figure 1a in Romero & Benson 2005 ) that can shelter several mite species (O'Dowd 1994 , Mineiro et al. 2008 , most of them being predators (O'Dowd 1994) . Recent studies have reported that leaf domatia of C. arabica can improve survivorship of predatory mites (e.g. Matos et al. 2006) . However, to date no study has evaluated the influence of coffee domatia on the mite community or even has tested the role of domatia as mediators of mite-plant mutualism (i.e., a biotic plant defense) on Coffea plants. Here we conducted experiments by blocking off coffee leaf domatia with tiny resin drops to investigate the role of domatia on i) mite abundance at the community level and on ii) mite-plant mutualism. The main questions addressed were: 1) Do leaf domatia in C. arabica increase beneficial mite abundance? 2) Are leaves with blocked domatia more damaged by fungi and/or phytophagous mites? To verify whether mites use domatia of Coffea plants, and if they are more abundant inside than outside these structures, on April 27, 2005 we collected 20 additional leaves from saplings other than those used for the experiment. The leaves were stored as above. We counted the total number of mites, mite eggs and exuviae inside and around (radius = 0.5 cm) each of 189 domatia under a stereoscopic microscope. The same methods were already used by Romero & Benson (2004) for similar purposes.
Methods

Study area and system
Leaf damage
The influence of domatia on leaf damages was examined in the same leaves used to determine mite abundance (above). Soon after mite collection, we recorded area removed and number of damages caused by chewers, area and number of spots of fungi, area and number of necrotic patches and number of epiphylls on the upper side of each leaf. We could not identify the agent that caused the necrosis, but this damage is possibly related to those caused by phytophages (Romero & Benson 2004) . In addition, we recorded the proportion of old leaves (marked in the beginning of the experiment; September 2004) that have fallen at the end of the experiment.
The area of leaf damage caused by chewers at the end of the experiment was determined by multiplying the length of the longer and shorter axis of each hole. Products obtained for 40 leaf holes from other plants collected in the same study area were correlated with the hole areas obtained from tracings on graph paper. The product of breadth and length explained 99% of the variation in hole size in a linear regression model (P < 0.0001); thus we used this model to estimate the area of damages from the experiment. Since few leaves had marks of herbivory caused by chewers before the treatments were applied, we recorded the number and area of the damages at the beginning of the experiment and subtracted these values from those obtained at the end to eliminate the effect of initial damage on the final results. The areas of fungal spots and necrotic patches were estimated using the formula for an ellipse: A = π(R × r), where A = patch or spot area, R = the larger radius and r = the smaller radius.
Statistical analyses
The general experimental design was systematic (Hurlbert 1984) . To test the influence of domatia blockage and leaf age on mite abundance we used ANOVA, in which domatia blockage (two levels) and leaf age (two levels) were fixed effects. This analysis was run for the total number of predators and omnivorous mites, for the most abundant mite species separately, and for the main guilds (predators and omnivores). The number of mites, mite eggs and mite exuviae were compared inside and outside domatia using paired t-test.
To test the influence of domatia blockage and leaf age on the number of epiphylls, number and area of necrosis, as well as damages caused by chewers and fungi we used ANCOVA, in which domatia blockage (two levels) and leaf age (two levels) were fixed effects, and initial number of leaves per plantlet was the covariate. Similar analysis was run to test the influence of domatia removal on the proportion of the old leaves that have fallen until the end of the experiment. Data on mite abundance and leaf damage were log (n + 1) transformed, and data on the proportion of leaves fallen until the end of the experiment were arc-sin squared root transformed to achieve ANOVA assumptions of normality and homogeneity of variances.
Results
Mite abundance
Overall, we recorded 179 mites belonging to 16 species in nine families (Table 1) . From these species, 77.7% were predators, whereas 19 and 3.3% were omnivores and phytophages, respectively. The most common species were the predators Iphiseiodes sp. (n = 70) and Amblyseius herbicolus (Chant)(n = 35), both from Table 1 . Mean and total number of mite species belonging to different guilds (i.e., predadors "Pr", Omnivores "Om" and Phytophages "Ph") on new or old leaves that had ("obstructed") or had not ("control") their domatia obstructed. SE means standard errors. Table  1 : Lorryia formosa Cooreman (n = 3), Lorryia sp. (n = 2) (Tydeidae) and Brevipalpus phoenicis (Geijskes) (n = 1) (Tenuipalpidae)]. Leaf blockage treatment had no apparent influence on mite abundances, and this occurred for mite taxa (Tables 1 and 2 ) as well as for mite guilds (Figure 1, Table 2 ). Mites tended to be more abundant on new leaves than on the old ones. Whereas this pattern was observed for unidentified Oribatida, A. herbicolus and Iphiseiodes sp., which were the most dominant species on the Coffea leaves, the reminder species (e.g., unidentified Acaridae) presented no such tendency (Tables 1 and 2 ). Similarly, predatory and omnivorous mites were more abundant on new than on old leaves ( Figure 1 , Table 2 ). The phytophagous mites occurred at very low density and occupied only control plants (Figure 1 ).
Order
The number of mites inside (mean ± 1 SE; 0.35 ± 0.15) and outside domatia (0.7 ± 0.26) did not differ statistically (t-test; t = 1.05, 19 df, P = 0.309). Similar results were also obtained for mite eggs (inside: 0.65 ± 0.36; outside: 0.15 ± 0.11; t = 1.27, 19 df, P = 0.220). However, the number of mite exuviae was more than 2 times higher inside domatia (6.95 ± 1.2) than outside them (3.15 ± 0.44), with statistically significant difference (t = 2.84, 19 df, P = 0.010).
Leaf damage
The area of Coffea leaves which was eaten by chewers did not differ between treatments (ANCOVA; F 1, 65 = 0.97, P = 0.328) and between leaf ages (old vs. new; F 1, 65 = 0.13, P = 0.714); the interaction term between these factors did not differ statistically (F 1,65 = 0.02, P = 0.446). Similar results were also obtained for number of marks left by chewers; there was no statistical difference between experimental and control leaves (F 1, 65 = 0.329, P = 0.568), between old and new leaves (F 1, 65 = 0.090, P = 0.765), and between factors (interactions: F 1, 65 = 2.78, P = 0.099). Table 2 . ANOVA examining the effects of domatia blockage (treatment) and leaf age on mean number of mite species and guilds (predators and omnivores). Neotrop., vol. 11, no. 1 Whereas the number of epiphylls, and number and area of fungal spots and necrotic patches did not differ between treatments, most of these types of damages (e.g., area and number of fungal spots and patches of necrosis) were higher on old than new leaves (Figure 2a , e, Table 3 ). The proportion of old leaves that have fallen until the end of the experiment did not differ between the treatments (ANCOVA; F 1,37 = 1.05, P = 0.313).
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Discussion
Our findings indicate that leaf domatia did not mediate mutualism between mites and Coffea plants in the study area. Despite this, several mite species have been found in association with leaf domatia of C. arabica plants in Australia (O'Dowd 1994) , Brazil (Matos et al. 2006 , Mineiro et al. 2008 , Costa Rica (Vega et al. 2007) , and Hawaii, USA (Pemberton & Turner 1989 ). In addition, recent studies have showed that coffee domatia improve survival and reproduction of the predatory mite Iphiseiodes zuluagai Denmark & Muma in southeastern Brazil (e.g. Matos et al. 2004 Matos et al. , 2006 . These results have been interpreted as evidence for a mutualistic relationship between mites and Coffea plants, mediated by leaf domatia (Matos et al. 2006 , Mineiro et al. 2008 . However, for a mutualism to occur, evidence on the effects of beneficial mites on plant attributes (e.g., decrease in leaf herbivory, increase in plant fitness) is necessary. In our study, the beneficial mites (predators and omnivores) as well as several kinds of foliar damage seemingly were not affected by the domatia blockage.
Because coffee is a non-native species, it may have lost mutualistic mites that coevolved in the original habitat (Ethiopia). This process of mutualism breakdown was already reported for several systems (e.g. Klironomos 2003 , Ness 2003 . We have no information about beneficial mites inhabiting leaf domatia of Coffea plants in their native range but, because indigenous predatory mites use the domatia of exotic C. arabica and benefit from them in southeastern Brazil (Matos et al. 2004 (Matos et al. , 2006 , we discarded the hypothesis of mutualism breakdown in such native-exotic interaction. More probably, the similarity of mite abundance and composition on leaves bearing open and closed domatia was related to space limitation. Studies that have shown evidences of mite-plant mutualisms mediated by leaf domatia reported that domatia entrances were large. For example, Romero & Benson (2004) observed that the area of domatia apertures in Cupania vernalis Camb. is ca. 1 mm 2 . Matos et al. (2006) , which demonstrated evidences of mutualism between C. arabica and predatory mites (I. zuluagai), reported that the diameter of openings in the coffee domatia was > 2 mm, and so large enough to enable the entry of juveniles and adults of predatory mites. In contrast, in our study the mean diameter of domatia entrances was 0.1 mm (n = 36 domatia from 12 plantlets; range 0.05-0.14 mm), which do not enable passage of the most common mites found on Coffea plants studied here [dorsal shield width of Iphiseiodes sp. varied from 0.19 to 0.36 mm (n = 12), and of A. herbicolus, from 0.15 to 0.25 mm (n = 9)]. Similarly, in another commercial coffee species, C. canephora, the small and fissure-shaped domatia (see Figure  1b in Matos et al. 2006) impede the entry of adult predatory mites (Matos et al. 2006) . Besides occurring in mite-domatia interactions, space limitation has also been reported for ant-plant mutualistic interactions (Fonseca 1999 , Nishi & Romero 2008 .
Differences in domatia size among C. arabica populations may be explained by differences in C. arabica varieties (but see Aguiar et al. 2004 ). There are several commercial varieties of this shrub species, and this one we have studied could bear smaller domatia. Unfortunately, we could not discover what is the variety studied here. Alternatively, this is the first study conducted in natural conditions for Coffea arabica shrubs (moderately shaded environments in forest understories; Coste 1992 , Shimber et al. 2002 . In these conditions plants display optimal photosynthetic rates (Shimber et al. 2002) and might improve plant chemical defenses; thus, they could depend less on biotic defenses mediated by physical structures (i.e., leaf domatia). In contrast, studies that reported evidences of mutualism in mite-coffee domatia interactions (e.g. Matos et al. 2006 ) have used plants in open areas (traditional coffee plantation), those that had very large domatia entrances; these conditions possibly are suboptimal for coffee plants, which could invest more in biotic defenses (i.e., larger domatia sizes). Moreover, as reported here, predatory mites occurred abundantly on coffee plants, meaning that they might suppress phytophages and indirectly decrease herbivore pressure even on leaves that lack good mutualistic mediators (large domatia); in this sense plant population may have relaxed biotic defenses or even closed domatia to avoid harmful mite entrances (see Romero & Benson 2004) .
Mite exuviae were more frequent inside than outside domatia, suggesting that mites might be using these structures as shelter for molting. Once the populations of the main mite species on C. arabica were unaffected by domatia removal, we suggest that these exuviae should belong to the mites in early developing stages, or to tiny mite species. In fact, smaller mites were observed (and counted) inside domatia of coffee shrubs studied here (G.Q. Romero and co-authors, pers. observ.). Nishida et al. (2005) have found habitat segregation among mites of different sizes (i.e. taxonomic groups), i.e., whereas smaller mites inhabited the smaller domatia of Cinnamomum camphora (L.), an inverse pattern occurred for larger mites, which inhabited larger domatia. Since in our study the most abundant mites were large, differences in mite abundance between treatments were not observed.
Predatory mites (e.g., A. herbicolus, Iphiseiodes sp.) and mite groups that feed primarily on fungi (Oribatida sp.) were more frequent on new than on old leaves. Concerning predators, this vertical distribution could be explained by differences in food resources concentration, as already reported for cassava plants (Onzo et al. 2003) . However, prey abundances (i.e. phytophagous mites) were too low either on new and old leaves (see Figure 1) , invalidating this Neotrop., vol. 11, no. 1 assumption. In addition, even Oribatida presented similar vertical distribution as predators. Three hypotheses were formulated for this pattern. First, mites may be avoiding senescent leaves, since they are more prone to fall; it should be difficult for a plant mite that fall in the forest ground to return back to its host plant. Second, the newer leaves are more exposed to light, thus could be less cold. Finally, the new leaves (apical) are the most exposed to allochthonous resources that fall from the trees; probably they are those which receive pollen and honeydew released by homopterans living higher on trees. It is known that predatory mites use pollen and nectar from extra-floral nectaries (McMurtry & Croft 1997 ).
In conclusion, despite studies have reported associations of beneficial mite with C. arabica domatia (O'Dowd 1994, Matos et al. 2006 , Mineiro et al. 2008 , our study showed no evidence of the role of leaf domatia on mite-coffee mutualism, i.e., domatia did not increase beneficial mite abundances and, consequently, leaf damages increased on both plants with open or closed domatia. This probably occurred because the entrances of domatia were too small and did not enable their use by phytoseiid mites. Further research should be conducted to investigate the intrinsic (i.e. physiological) and external mechanisms (i.e. selective pressures) involved in domatia size, as well as the influence of domatia size on mite abundances. Finally, the message for coffee farmers is that, besides of coffee production (i.e. amount and quality of grains), varieties of C. arabica bearing larger domatia could be preferred instead those with tiny domatia; this will improve beneficial mite permanence, which will potentially decrease plant pests.
